ABSTRACT. The RNA polymerase activities of the soluble enzymes from the nuclear and cytoplasmic fractions from synchronous macroplasmodia of Physarum polycephalum were measured. Activity in the nuclear fraction prepared from cells in the G2 phase was several times higher than that at metaphase, and activity in the cytoplasmic fraction was much higher at metaphase than in the G2 phase. The amount of activity was nearly constnat during the late G2 phase and early prophase, then rose abruptly just before metaphase, becoming tenfold higher at metaphase then decreasing rapidly during anaphase-telophase. The cytoplasmic activity at metaphase was attributed almost exclusively to the type II (or B) enzyme as shown by a-amanitin inhibition and chromatographic analysis of the enzyme. Results indicate that at metaphase RNA polymerase II molecules are loosely associated with condensed chromosomes or that they move from the mitotic nuclei into the The marked decrease in nuclear RNA synthesis during mitosis is one of the biochemical events that distinguishes the mitotic phase from the interphase (13). The amounts of several classes of eukaryotic RNA polymerases remain unchanged in extracts from mitotic and interphase cells of mouse 3T3 cells (3), He La cells (1) and slime mold Physarum polycephalum (6). Contradictory answers were obtained, however, to the question of whether the enzymes are still present on the condensed mitotic chromosomes. Matsui et al. (10) claimed that nearly the same amounts of chromatin-bound type I (or A) and type II (or B) enzymes were conserved in metaphase chromosomes and interphase nuclei isolated from Chinese hamster cells. Pierron and Sauer (12) titrated isolated Physarum nuclei and chromatin with 3H-labeled a-amanitin and concluded that the type II enzyme left the chromatin during mitosis.
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The slime mold Physarum polycephalum has two advantages for studies of this kind: Its nuclei divide synchronously under natural growth conditions (15) , and the nuclear membrane does not disappear during mitosis (15) ; therefore, mitotic nuclei can be isolated intact (17) . We here describe some changes in the distribution of RNA polymerase activity of the nuclear and cytoplasmic fractions from Physarum during mitosis. 
RESULTS
RNA polymerase activity in the cell fractions. Homogenates were prepared by the sieving method (17) using several kinds of media, after which the soluble enzyme activity produced from the crude nuclear fraction was measured. When the basal medium was used as the homogenization medium, the activity of nuclei from the plasmodia at metaphase was about 1/5 that from the G2 phase (Table 1) . Modification of the medium; removal of EGTA or DOC, substitution of DOC with Triton X-100, addition of KCl, DTT or protease inhibitors (PMSF or leupeptin), as well as the use of polyamine medium (12), all resulted consistently in reduced activity for the metaphase which is sensitive to low concentrations of it (Fig. 1) . In the metaphase cytoplasmic fraction, nearly all activity was inhibited by low concentrations of a-amanitin, which shows that the enzyme in this fractions is almost excusively type II. Chromatographic analysis of the enzyme on a DEAE-Sephadex column supported the above conclusion. The G2-nuclei contained both type I and II enzymes as well as unknown enzyme activities (Fig. 2a) ; Whereas, almost exclusively, type II enzyme was detected in the M-cytoplasm (Fig. 2d) . A little activity was found in the M-nuclei (Fig. 2b) and in the G2-cytoplasm (Fig. 2c) ; Therefore, the distribution of enzyme activity among the cell fractions was similar before (Tables 1 and 2 ) and after chromatography (Fig. 2) ; i.e. high activities in the G2-nuclei and M-cytoplasm and much lower activities in the G2-cytoplasm and M-nuclei.
These results indicate that the RNA polymerase detected in the cytoplasmic fraction at metaphase is almost exclusively the type II enzyme.
Cell cycle-dependency of RNA polymerase activity in the cytoplasmic fractions. RNA polymerase activity in the cytoplasmic fraction was studied in detail in stages of the cell cycle near metaphase. As evident from Fig. 3 , the amount of activity was nearly constant during the late G2 phase and early prophase, rising abruptly just before metaphase and becoming about tenfold higher at metaphase, then decreasing rapidly when the plasmodium entered anaphase-telophase. This course of activity is consistent with the observations of Pierron and Sauer (12) and those of Wulf et al. (20) who detected no type II enzyme in the nuclei or chromatin during metaphase. in the nuclei, but is so loosely associated with the condensed chromosomes at metaphase that it is released into the cytoplasm during the preparation of mitotic nuclei. An alternative explanation is that the enzyme is a cell cycle-dependent "shuttling protein" (9, 11, 14) which migrates from the nuclei to the cytoplasm at metaphase and reenters the nuclei at anaphase-telophase. Another less probable explanation is that there is a rapid turnover and resynthesis of the enzyme during mitosis. Of these explanations the second is the most attractive and seems to be the most probable as discussed below. Scheer and Rose (18) studies the localization of RNA polymerase I in mammalian cells using light and electron microscopic immunochemical techniques. They found that the enzyme was contained exclusively within the nucleoli in interphase cells and at the chromosomal nucleolus organizing regions during mitosis. This is compatible with our present observation that the type I enzyme of Physarum persists in the nuclei, not only in G2 phase but during mitosis as well.
Taking advantages of the affinity of a fluorescent derivative of a-amanitin for RNA polymerase II, Wulf et al. (20) demonstrated that during mitosis of PtK1 cells the enzyme was distributed in the cytoplasm rather than being bound to the chromosomes. This is consistent with our present data that shows that the activity of the type II enzyme of Physarum was detectable exclusively in the cytoplasmic fraction only at metaphase. It supports the idea that this enzyme may be a cell cycle-dependent "shuttling protein" .
In analyzing our present data, however, the possibility of an artifact being produced during preparation of the cell fractions can not be completely excluded. RNA poly- Fig. 3 . Cell cycle-dependent variations in RNA polymerase activity in the cytoplasmic fraction. Ordinate, enzyme activity per number of nuclei; abscissa, time before (-) and after (+) metaphase. G2, G2 phase; P, prophase; M, metaphase; AT, anaphase-telophase; Rec, nucleolar reconstruction stage.
merase II exists in the nuclei in at least two forms; the free enzyme and templateengaged transcription complexes, as found in rat liver cells (21) , Xenopus erythroids (5) as well as in Physarum polycephalum (7) . Localization of the type II enzym molecules on transcription complexes has been demonstrated in polytene chromosomes of Drosophila (8) . Assuming that the template-engaged enzyme converts to the free form during mitosis, it may be prone to leak into the cytoplasmic fraction during preparation of mitotic nuclei. In the study reported here, we prepared the cell fractions as gently as possible using several methods and different media; therefore, the possibility of any artifacts being formed during the operations is considered to be minimized.
To obtain other direct evidence in support of a cell cycle-dependent shuttling nature for the RNA polymerase II of Physarum polycephalum, fluorocytometric analysis of fluorescent dye-labeled enzyme incorporated into the plasmodia has been undertaken.
